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ABSTRACT 

We earried out a definition of the Conus pracccUcns A. Adams, 
1854, species group using a combination ol comparati\i' 
morphological data, moleenlar phylogeny bascM on standard 
genetic markers, and toxinological markers. Prior to this work. 
Conus pracccUcns was generally postulated to belong to a clad(’ 
of similarly liigh-spired, smaller species sucii as Conus pagodus 
Kiener, 1845, Conus incniiac (Ilabe and Ivosiigc', 1970) and 
Conus arcuatus Broderip and Sowerby, 1829. Tlu^ mokx'iilar 
phylogeny and toxinological data demonstrate that these (‘arlier 
hypotheses are incorrect, and that instead. Conus pracccUcns is 
in a branch of Conus that includes Conus siupa (Knroda, 
1956), Conns stupcUa (Knroda, 1956), Conus acutangulus 
Lamarck, 1810, and suiprisingl); some spc'cics that are mor¬ 
phologically strikingly different, Co}uts initratus Sowerby, 
1870, and Conus cijlindraccus Broderip and Sow^erby, 1830. 
A more eareful analysis of the moiphologieally diverse forms 
assigned to Conus pracccUcns suggests that Iroin the Plhlippine 
material alone, there are at least three additional species new to 
science, Cojuis andrcuwnczi. Conus inijticxcclsns, and Conus 
rizali. A revaluation of protoeoneli/earl) tedeoeoneh moiphol- 
og)' also strongly suggests that Conns cxcclsus Siwerby 111, 
1908, is redated to tliese species. Together, the different data 
sugge^st a elade including the 10 species above that \we desig¬ 
nate the Turriconus (Shikama anel Habe, 1968) edaele; tliere are 
additional distinctive forms within the clade that may be se^pa- 
rable at the species level. The phylogenetic definition using th(‘ 
nndtidisciplinar)' approach described herein pnn ides a frame¬ 
work for compreliensively investigating biodivx^rse lineages ol 
animals, such as the cone snails. 

Additional kci/words: Neogastropoda, Turriconus, 12SrBNA 
sequences, pliylogenetie analysis, exogenes 
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INTRODUCTION 

The evohitionaiy histories of l)io(liverse Conns lineages 
are a challenge to ehiciclate. In part this is because the 
genus is so speciose (about 700 species) but also because 
most prior data in the lit(*rature is morphological. The 
usual approach is to characterize each specicxs in the 
lineage based on its sliell morpltolog) and to evaluate 
phylogencTie relationships using additional anatcnnical 
data, wlien available. 

Prior attempts to div ide Conns into subgeneric groups 
have bc^en basc^cl largely on shell moipholog)^. In this 
work, we focus on one particular branch of Conns that 
includes the spc^cies known as Conns pracccUcns. Sev¬ 
eral previous attempts to determine which species are 
most closely related to Conns pracccUcns have grouped 
C. pracccUcns with othei' high-spired forms (Figure 1) 
tliat are eollected in dc^ep offshore locations. Some of the 
specific prior hyqvotheses that have been proposed arc^ 
summarized in Table 1. 

In the most eomprcdiensive mocha n treatise on Inclo- 
Pacifie Conns species (Rdckel ot ak, 1995), Conus 
pracccUcns is regarded as most closely related to Conus 
acutangidns. In most of the schemes sliowm in Table I 
(Marsh and Rippingale, 1964; Okutani, 2()()()), Conns 
pracccUcns is grouped togetlier watli Conns acntangulus 
in the subgenus ConasprcUa Thiele, 1929. The designated 
type of ConasprcUa is “C. canccUatns' (= C. pagodus). 
Another species gencaailly thought to b(4ong to tins 
subgenus is the Eastern Pacilic Cnmns arcuatus. In one 
of the proposals (da Motta, 1991), Conns pracccUcns and 
Conus acntangulns are in two differcait subgenerie 
groups: Conns pracccUcns in ConasprcUa and Coinis 
acntangulus in Kennaspn^Ua Powell, I95(S (which this 
author regards as a subgcaius of the gcams Trofundiconns 
Knroda, 1956). Among the speeies includcM with Conns 
acntanguhis in KennaspreUa are forms such as Conus 
nicnuac and Conus ticrcis (Petucli, 1979), the latter 
regarded by Rbekel et al, 1995 as a form of Conns 
icakaijaniacnsis (Knroda, 1956). Tims, tlu' high-spired 
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Figure 1. I ligli-spired Ca))iiis .species previous!) postulated to l)e related to Conns pvaeccUois: Top froiu left: Conns acnfangnhis, 
“typical loriu”; Conns acnianouJus, “deep-water form”; Conns nereis. Middle^ Iroiu lelt; Conns praecellens, “Aliguay form”; Conns 
pnieceUens, “sowerbii form”; Conns andreincnezi uew^ species (llolotvpe, MSI); Conns j)agO(Ins. Bottom from left: Conns 
niijiiexceJsns^ uew sp(‘cies (IIoIot\p(\ deposiUnl at MSI); Conns rizali new .species (Paiat)pe 2, MSI); Conns arenains. All of the 
speciuuais shown are from the Philippines, except for Co}tns arenains. Measurements provided in Appendix L 
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Table 1. Previous taxonomic assignments oi Conus pracccl- 
Icns and Conus acutangulus. 


Marsh and 
Rippiiigale (1964): 

DaMotta(l991): 

Oku tan i (2000): 

Conasprclla 

Conasprclla 

Conasprclla 

praccclicns 

pracccllois 

praccclicns 

pagodus 

pagodus 

pagodu 

arcuatus 

arcuatus 

gracaiapi 

acutangulus 


acutangulus 

wakayainacnsis 



Kcnnasprclla 

Endcninoconus 


acutangulus 

men line 


mciniac 

wakaijainacnsis 


irakaijainacnsis 

nereis 

jaspidcus 

ionc 


Couiis species including Conus praccclicns were either 
all grouped together in CoiKisjyrrUa, or were divided 
into a praccellens/fKigodiis group (Conasprclla) and an 
(inliangHliis/ineniiae group ( Kcn / las])rclla ). 

These shell rnoiphology-hased suggestions can be 
independently evaluated using molecular data. If only 
moiphologieal analyses are used, the resulting systeniat- 
ics may not reflect evolutionaiy trends as the tiiiits may 
be subject to selection forces that do not reflect common 
descent. Distinguishing similarity by descent (reflecting 
the phylogeny) from similarity directed by selection 
(convergence or parallelism) is problematic without 
independent data corroborating the morphological evi¬ 
dence. Hence a widespread attempt to define biodiv er¬ 
sity using molecular markers, notably a segment of the 
COl gene, has led to the “barcode initiativ e”. Although 
this initiative has been widely implemented, workers w ho 
need to identify field specimens require a more seamless 
integration of the molecular with the moiphologieal data. 

Our first goal is to define a phylogenetic tree with 
clades that reflect the branching pattern and in turn the 
evolutionaiy histoiy of the species. Molecular data pro¬ 
vide independent evidence for such a phylogeny and a 
useful organizational framework for in-depth studies of 
species-rich groups. The moiphological traits mapped 
onto such a tree distinguish the respectiv e roles of com¬ 
mon descent and selection in the ev olutionaiy process. 

In diis work, vv^e focus on the definition of the piitativo 
clade that includes Conus praeccllens. Using 12SrRNA 
sequences, w^e specifically evaluate vviiich Co}ius spexies 
are most closely related to Conus praccclicns. In addition 
to using a molecular phylogeny to assess moiphologv-based 
taxonomy, we hav e gathered molecular data in the form of 
the genes that encode toxins expressed in the venom ducts 
of cone snails. As will be shovvm, these highly specialized 
“exogenes” (Olivera, 2006) are useful in defining disercie 
branches of a large biodiv^erse lineage such as the cone 
snails. This three-pronged approach defines a more com¬ 
plete picture of tlie ev olutionaiy histoiy of these biodiv erse 
cone snails with tlie result that previous moipliologically 
informed livpotheses may be more objec'tiv ety assessed. 


MATERIALS AND METHODS 

Specimen Collection. Most forms in the Conus 
praccclicns complex are collected offshore from 30-250 
meters in deptli. The bulk of Philippine speximens 
in colkxiions assigiuxl to this species were collected 
(together with such species as Tiijia fusus (Linnaeus, 
1758) and Xcnoj)liora solans (Kosuge and Nomoto, 1072) 
around 1960, piimaiily from a few classical fish trawler 
localities (Macjiieda Bay in Samar Is, Tayabas Bay in 
Luzon); at the time, these were mostly identified as Conus 
sowerbii (see Reeve, 1849; Springsteen and Loebrera, 
1986). Bc'canse odier forms in the praccclicns complcvx 
are mostly from even deeper water, these wx^re less well 
represented in collections; most speximens availalile in 
mnseums arc' pc)c:)iiy presented anePor dead-collected. 
Hovvx'ver, the combination of giU net and hookali collec¬ 
tions in the Cc4)u/Bohc)l area of tlic‘ Central Philippines 
and intensive small trawl collections around the Island 
of Alignay has increased accessibility^ to severed forms in 
the Coiuis praccclicns complex. Some of these are smedler 
s|)ecimens theit were sparsely rcqvresented in earlier col- 
Icx'hons. A range of live-collected specimens with pre- 
seixed protoconchs has bex^ome available, which has 
facilitated the reev aluation of the Conus praccclicns spe¬ 
cies complex. 

Phylc)c;enetic: Analysis. We aligned secjuences using 
Clustal X (Larkin et al., 2007) and refined by eye using 
MacClade (Maddison and Maddison, 2005). The tree 
was inferred using MrBayes (Huelsenbeck et al., 2001; 
RoiKpiist and Huelsenbc'ck, 2003). The run compriscxl 
1,000,000 generations with the first 25% of the sampled 
generations discarded as burn-in trees. Two MCMCMC 
runs (metropolis-couplc'd Monte-Carrnarkov-chain), 
using four chains each, were used to thoroughly explore 
tree space. Convergence of the likelihoods was deter¬ 
mined by comparing tlie average standard error of the 
difference (ASED) in split frecpiencies between tlie two 
runs and by comparing plots of the log-likelihood after 
the biirnin to the end of the runs. Optimality was also 
judged adequate when the PS RE (Potential scale reduc¬ 
tion factor) for the total tree length and for each model 
parameter reached 1.00. 

Identification and Sequencing of Genomic Clones 
Encoding 0-Supehf\mily Peptides. Ceiiomic DNA 
was prepared from 50 mg each of tissues of Conus acu¬ 
tangulus, Coiius niitrafus. Conus praccUois, and Conus 
stupa using the Centra PUREGENE DNA Isolation Kit 
Kit (Centra Systems, Minneapolis, MN) according to the 
manufacturers standard protocol. These genOrnic DNAs 
were used as templates for pol\anerase chain ix'action 
(PCR) with oligonucleotides corresponding to consened 
5' intron and 3' UTR set|iiences of omega and delta 
prepropeptides. The resulting PCR products vvxtx' puri¬ 
fied using the High Pure PCR Product Purification Kit 
(Roche Diagnostics, Indianapolis, Indiana) following the 
manufacturers suggested protocol. 
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The eluted DNA fragments were annealed to 
pNEB2()6A\ ector and the resnlting produets transfornied 
into eompeteut DH5a cells, using tlie USER Fnendly 
Cloning Kit (New England BioLabs, Be\^erl); Massachu¬ 
setts) lollowing nianufaetnrers suggested protocol. The 
nucleie acid secpiences of the resulting omega and delta 
toxin-cMicoding clones w^ere determined aeeording to the 
standard protoeol for automated sequencing. 

Morphometric: Analysis. Using dial calipers, we mea¬ 
sured imiximum diameter (mm) and total length (mm; 
including spire height) of species wathin the pracccllois 
complex. Kclatic e cliameter was calculated as the ratio of 
maximum diameter to total length. All species were 
represeutcTl by multiple samples. In view of the low 
between-sample variation, we calculated a single mean 
relative diameter for each species. 

RESULTS 

Systematic Descriptions of Three New Species 
OF Cows 

RY B aldomero M. Olivt:r\ and Jason Biggs 

Superfamily Conoidea Fleming, 1822 
Family Conidae Fleming, 1822 
Subfamily Coninae Ralinescpie, 1815 
Genus Conus Linnaeus, 1758 

Couiis amlreuicnczi Olivera and Biggs, new species. 
(Figures 1, 2, 6) 

Description: Biconical in shape, mature speeimeiis from 
25-53mm. Moderately solid, and with a relatively liigli 
spire, and generally broader than most related (onus 
(li/L 0.47). Last vviioii is lu'oadly conical, with raisc'd 
spiral ribs that are not smootli l)ut always undulating (and 
in some specimens, the ribs secern to have areh-like* pro- 
tubcannees, instead of a continuous smootli rib). Raised 
ribs oil the liocV wiiorl are vv^ell separatcxl from each other, 
witli intcn'stices that hav^e axial scales betvv^een them. 

Tilt* body whorl has an off-vviiite ground color with 
characteristic puq:)lish-l)rovvn spots that oeeur in zones; 
ill tlie two darker zones, tlie spots generally cov/er more 
spiral ribs and extend into tht* interspaces (although 
there is considerable vTiriation). The protoeonch is decol¬ 
lated in most specimens, but when preseiwed it is a 
rounded conical shape, ti aiislnceiit, v^eiy light yellowish 
browTi or off-wdute; tlie protoconch is follow-ed bv- two 
white early teleoconeh whorls that are lightly nodulose* 
and angled at the periplieiy. The* spots begin to appear 
on the p(*ripheiy of the third or lourtli teleoconeh whorl, 
and tqiically tlitxse are more closely spaced to each otlier 
than art* the larger spt)Ls in the* later spire whorls. 

Malerial: The IIolot}pe is d(*posited in the 
Marine 8cit*nce Institute (MSI) at the University of the 
Fhilippint'S; Faratvpes are deposited at the Academy ol 
Natural Sci(*nces ol Fhila(k‘l])liia, Idiiladelpliia, Fennsyl- 


vania (ANSF 421619); the Museum national d’Histoire 
naturelle, Faris, France (MNllN 21131); the Field 
Museum of Chicago, Chicago (FMHN 312461); the Har¬ 
vard Museum of Comparative* Zoolog)^ Cambridge Mass 
(MCZ 361611); Zoological Museum of Moscow State 
Unix ersity, Moscow; Russia (Le-37964) and The Bailey- 
Matthew^s Museum, Sanibel, Florida (BMSM 38672) 
(see Appendix or a complete listing of paratypes). 

T}pe Locality: The tvpe locality for Conus a)ulrcnienezi 
is Aliguay Island, Fhilippines, where most specimens 
in the tvpe series have been collected by commereial fish¬ 
ermen using small traw ls at depths around 150 m. Anodier 
established locality is off Panglao, Bohol, from Balieasag 
Island to Momo Beach where the species has been col¬ 
lected by tangle nets in deeper water (~2()()N300m). 

Geographical Distribution: From the Central to 
Northern Philippines, probably to Viet Nam and possibly 
mueh further West (see discussion below). In the recent 
book of Thach (2005), the specimen figured as Conus 
pracccllois (Plate 61, Fig. 34) is likely to be* a specimen 
of Conus andrcnicnczi. 

Etymology: This species honors the niemoiy of Andre 
Menez, one of the giants of the field of toxinology. 

Remarks: The seulptiire on the spire wliorls is diagnostic: 
the spiral ribbons on the larger spire whorls are raised, 
relatively narrow^ to v eiy narrow; and alvva)^s for apart. Tlie 
wide spacing on the spire whorls between narrow raised 
spiral ribs is a diagnostic trait of tliis species; in most similar 
forms, the spiral illibons or ridges are mueh closer together 
and are more like flattened ribbons, liroad and shallovw The 
broad shape, pniplish-browm spots, undulating spiral ribs, 
and widely spaced ribs on the spire are eharaeteristie 
features that separate the species from similar lorms. 

When the protoeonch is decollated, this species is 
difficult to separate from some closely related forms that 
are potentially v ariants of Conus praccclicns. Most spec¬ 
imens can generally be differentiated bv the distinetiv e 
puqile-brovvn color, the broader shell, tlie widely spaced 
spiral ribbons on tlu* spire vvliorls, and when preseived, 
the conical protoeonch. Most specimens in tlie type 
series come from Aliguay. 

There is a group of Fliilippine specimens, not from the 
tvpe locality vvhicli we tentatively assign to tins species, 
f] lese were colk*cted by the Musorstom exp(*ditious 
prmoted by tlu* xVluseiini national d'llistoire naturelle, 
Kiris, to lailiang IslaiKFMindoro. Several large mature 
specimens ol Conus andrcnicnczi, all dead collected, were 
examined. All of these vvT*re collecti*d at depths between 
160-198 meters; at more shallow collection stations, this 
form was absc'iit and a narrower Conus praccclicns variety 
vvTis pr(*S( ‘iU. This provides a more accurate estimate of the 
deptli at winch this species occurs. 

Finally, there is a small specimen figured by Roekel 
et ah (Flate 54, Fig. 14) tliat appears to lx* a juvenile of 
Conns andrcnicnczi; if the identity of this specimen can 
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Figure 2. Two nioiphospecies with nou-^praccclleiis-like" protoconclis from Aliguay. All ol the specimens showna are from Alignay 
Island, Philippines, except the lower left specimen wiiich w^as collected from sontliern Japan, Top row: Cavius (nidnDicuczi' Bottom 
row: Conns niinicxcelsns. For Conns andrcnwnczC the Ilolotvqie (hit), Parat)pe 7 (second from riglit), and Parappe 11 (right) are 
shown. For Conns minicxcelsns. the IToloBpe (second from right), Paratxpe 2 (tliird from right), and Parat\pe hS (riglitmost 
specimen) are shown. All of the types figured are deposited at the Marine Science Institute (MSI), University of the Philippines. 
Measurements provided in Appendix 1. 


be verified, it extends the range of this species across the 
entire Indian Ocean since the specimen is reported to be 
from Somalia. Thus, altliongli almost all of specimens 
examined were from the Central Philippines, there is 
strong evidence for the occurrence of the species in tlie 
Northern Philippines, and the possibility that it may hav e 
a geographic distrilmtion that is much wider is raised by 
the Somali specimen in the Raybaudi-Massila collection. 


Conus }}dniexcclsiis Olivera and Biggs, new species 
(Figures 1, 2, 4, 6 and S) 

Conns j)raeceUens f subaccfualis. —Robin, 2008: 424, 
fig. 14 (non Conus suhaccjuulis, Sowerby IIP 1870) 

Description: A moderately small shell: adult size range, 
25-37 mm. High-spired, with l)oth spire and body w horl 
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having a straight outline, making the shell narrowly 
l)iconieal. The lamil shell has 3.0-3.5 whorls, translucent 
brownish or puiplish. There are 9 -11 teleoconch whorls, 
the first three being i\ oiy-wTite, wdthont spots, pro\icling 
a notable contrast to the translneent-colored protoconch. 
At around the fourth teleoconch w^horl, broad browai- 
ish spots appear, centered around the peripheiy. The 
ground color is wdiite, with ehestnut-l)rowii spots. On 
the body wdiorl there are a series of flat spiral ribl)ons. 
The shell pattern on the body whorl can be divided into 
3-5 zones. The most posterior, next to the suture, are a 
series of about 6 spiral ribbons with extremely fine chest¬ 
nut l)rown spots. These are followed bv a zone with 3 
noticeably broader spiral ribbons that have deeper brown 
and larger spots. In most specimens, this is folknved by 
threc^ spiral ribbons that have a finer spotted pattern (but 
not as fine as in the spiral ribbons in the first zone, closest 
to the suture). The remainder of the sliell towards the tip 
is covered by spiral ribbons that are darker in color and 
more hea\ ily spotted; txpically the first 3 to 4 are darker 
than those tow^ards the anterior end of the shelf although 
there is considerable variation in this regard. In some 
specimens, the light zone continues to the anterior of 
the shell. 

Type Matenal: The llolotype is deposited at tlie 
Marine Science Institute at the University of the Philip¬ 
pines, Paraty[:)es are deposited at the Field Museum, 
Chicago, Illinois (FMNIl 312462); the Museum National 
d'llistoire Naturelle, Paris, France (MNIIN 21132); the 
Hamird Museum of Comparative Zoology; Cambridge, 
Massachusetts (MCZ 361609); the Academy of Natural 
Sciences of Philadelphia, Philadelphia Pennsylvania 
(ANSP 421620); Zoological Museum of Moseow^ State 
University; Moscow, Russia (Lc-37965) and The Bailey^- 
Matthew^s Museum, Sanibel, Florida (BMSM 38673) 
(see Appendix or a complete listing of paratypes). 

Type Locality: Aligiuw Island, Philippines. Most spec¬ 
imens in the type series w^ere collected by the commer¬ 
ced small-trawl operations off Aliguay^ Island, at depths 
of30-150m. 

Geographical Distnbiilioii: Prc'sently^ knowai from the 
Central Philippines to Mhkaynma, Japan (Paratype #23). 

Etyaiiology^: Tlie specific epithet emphasizes some strik¬ 
ing and unexpected similarities to Conu.s rxcelsiis' despite 
the considerable disparity in size, 

Remarks: A distinguishing characteristic of this species 
are the spots on the wdiorls closest to the* suture, which 
are gcmerally extrcanely^ fine in pattern and greater in 
number than for any other similar species, followc^d 
by^ tlic^ thicker, darker l)rowai spiral ribbons at tlie 
cenl(*r of tlie liody^ wdiorf Tlu'se fcmtnres are clearly^ 
illustrated in the Sj:)(X‘im(ms shown in Figure 3. Conus 
niinwxcclsns is a distinct species, most easiU confnsc'd 
with Conus praorclh'ns. Ihnvever, as discussed above 
and shown in Figure 3, (he dillereiicc's in protocoiu'h 


and early^ teleoconch moiphology^ between the two spe¬ 
cies are consistent distinguislnng characters. Tins feature 
puts Conus jniniexccisus in the same group as Couiis 
acutangulus. Conus audreinenezi, and Conus cxcelsus 
(except that the spire of Coiius acutangulus has strong 
tubercnles at the sutures). Conus audreinenezi is gener¬ 
ally larger, wdth coarse spots that are puiplish brown in 
color instead of chestnut. Conus niiniexcelsus is probably^ 
most similar to Conus excelsus, althougli there is a strik¬ 
ing difference in size at maturity^ The two fapanese spec¬ 
imens examined are more solid and chunky^ than the 
Align ay material. Figure 8 si lews the different shape and 
color of the protoconchs and the characteristic swateh in 
Conus niiniexcelsus from a conical translucent puiplish 
browm protoconch, to the ivoiy white first teleoconch 
whorls, and linally^ to the normal spotted pattern. 

Conus rizali Olivera and Biggs, new species. 

(Figures 1, 3, 6) 

Description: The species is medium-sized; specimens 
examined are 26-39 mm in length. The shell is biconic, 
with an unusually t;ill, straight, and shaiply^ pointed spire' 
and a straight-sided body^ whorl, shaiply^ angled at the 
shoulder. Outline narrow (D/I^ = 0.397 ± 0.0] 1); The 
lamd shell lias two wiioiis, and is praecellens-Wke but 
somewhat proportional^ broader than for most specimens 
of Conus praecellens; this is folknved by two teleoconch 
whorls that have a characteristic white-matte surface, 
somewhat crinkly^; starting with the fourth teleoconch 
whorl, there are 8-9 spotted spire whorls. 

The body whorl is characterized ly shallow^ spiral 
ribbons with only a narrow^ interstitial space between 
them; these are broadly^ spotted in light yellow^-browai. 
Characteristically; immediately below^ the peripheiy, the 
first spiral ribbon lacks spots, leaving a white zone. Al¬ 
though there is some v^ariation, the spots are much ligh¬ 
ter in color than in related forms (Paratype 2 almost 
completely^ lacks spots in the body whorl), 

Type Material: The llolotype is deposited at the 
Marine Science Institute at the University^ of tlie Philip¬ 
pines; Paratypes are deposited at the Acadenw of Natu¬ 
ral Sciences of Philadelphia, Philadelphia, PennsyRania 
(ANSP 421621); the llanard Museum of Comparative 
Zoology; Cambridge, Massachusetts (MCZ 361610) and 
in tfu' Museum National dTlistoire Naturelle, Paris 
France (MNIIN 21133) (see Appendix lor a complete 
listing of paratypes). 

Type Locality : All type specimens w^ere obtained from 
commercial dealers in tlie Philippines, and tlie exact 
collection localitv of the types could not be v'erified. 
Springsteen and Lc'obrara show a figure oi' Conus rizali 
(labeled Conus suhaecpialis) indicating Punta Fngaho, 
Cebu, suggesting that tlu'se w^ere probalily^ collected by' 
fishermen using tangle nets at depths of l()0-2()0m. 

Geograpliieal Dislribiilioii: Philippines. 





J. S. Biggs et al., 2010 


Page 7 



Figure 3. Three distinctive forms wdth "^f)racccllcns-like" protoconchs. Top row is a series of Conus pracci'llcns^ “sowerlni form . 
Bottom row is Conus pmeccllcns, “Aligiiay form”. In the middle row are two speeimens ol Conus lizali new species, tlie HoloKpe 
(left) and Parat)pe 2 (right), both MSI. Measurements proMded in Appendix 1. 


Etymology; This species is named m lionor of jose 
Pdzal, the National Hero of the Philippines. Dr. Rizal, 
who was exeeuted by the Spanisli Colonial Administra¬ 
tion in 1898, collected shells as a hobby. 

Discussion: Of all of the similar forms, Ccnius hzali has 
the most narrow outline (D/L = 0.397 i 0.011); spec¬ 
imens of Conus ])raeecUcns from Aliguay, which 
are generally narrower than the “Sowerbii form” have a 
D/L = 0.44, and for Conus minicxeelsiis; (D/L = 0.416) 
these are both narrower than Conus andremoiezi. 

Although Roekel et ah, put this species in synoiiN iny 
\\4th Conus praeecUens, we believe that it is a distinctive 
form that ean readily be separated from specimens 


assigned to Conus pracecUens. The narrower outline, 
tlie shallow ribbons on the' hotly whorl, and diflereiices 
in protoeoiieh/early teleoconch moipholog)' separate 
Conns rizali from other related forms. Conus nzaJi was 
pre\4ously figured as Conus subaeciualis Sowerby HI, 
1870, by authors. This name was used b\ Springsteen 
and Leobrera, and b\ Lim and Wee (1992); however, 
the speeimen reeently figured b)' Robin (2008) as Conus 
subaecpialis is not Conus rizali but Conus nunexeelsus. 
A specimen was also figured b\' Rockt'l et al. (Plate 54, 
Figure 6) but they refer this to Conus praccellcns. Conns 
rizali is snffieientlv distinct so that it can immt'diately be 
picked out from other related forms diseussed elsewhere 
in this artiele: the narrow outline of the shell sets it 
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i 111 mediately apart, and in Fact the form that is most 
similar in outline is Conns gratacapi from Japan, which 
is an unrelated species. This species has only been inter- 
mittentl)' collected over the last four decades, and never 
in large numbers. As has been discussed in detail by 
Rdckel et ah, and is showm in the oiiginal figure of 
Sowerby (whicli Rockel et ak, reproduced), the spec¬ 
imens that wc assign to Conus rizali are clearly not con- 
specilie with the figure of Conns snbaeqnalis, which 
likely refers to a different form in the Conns praecclirns 
complex. 


Morphological Definition of Species in the Conus 
piuulCellens Complex: Two ‘Fulmexcllscs-like” Forms 

In this section, we describe and define two distinc¬ 
tive forms in the Contis pracccllens complex from the 
Philippines. As wall be defined in the Discussion, the 
“Conns praecclirns complex” can be divided into two 
broad groups on the basis of protoconch moipholog); 
the “pracccllcns-like ^ forms and the “nnnicxcclsits-like^ 
forms. 

The two mi nicxcclSt IS-like forms from Aliguay Island 
(i.e., those with non-p raced lens-like protoconchs), which 
we proposed to designate as new species, are discussed 
first. The Aliguay specimens of these two forms are 
easily distinguishable from each other (see Figure 4). 
Since both of these nii nicxccl si is-like forms were appar- 
entb' unnamed, these are formally described in the sec¬ 
tion above. The appendix suimnarizes the individual tvpe 
specimens on which the new^ taxa are based. 

Conus andronenezi Olivera and Biggs, new species 
(Figure 2) 

This form may be similar or identical to Conns bicolor 
SowTuiiy I, 1833, wiiich is a preoccupied name. Sow^erby 
then provided a new^ name in 1841, Conns sinensis. 
Rdckel ct ah, (1995) stated that “taxonomic status of 
Conns bicolor/ Conns sinensis (Sowxa'by II, 1841) 
remains disputable because the tvpe specimen is lost 
and the tvpe figure (Plate 54, fig. 3) does not match C. 
pracccllens in a satisfying waiy: the pictured shell has a 
comparativ(4y low spire.. .is somewhat bulbous below 
tlie slioulder and its color pattern consists of brown axial 
flames.. .w^e favor syiionomy with Conns pracccllens." 
T1k‘ figure^ shown by Rdckel et al. (originally drawai from 
“Conns l)icolor") is similar to the species w^e describe 
above as C. andronenezi; we have not adopted the name 
Conns .soiccrbii for this speci(\s because the syntype in 
the British Museum does not appear to be conspecilic 
with C. andronenezi. 

Wc bciieve that Conns andronenezi is clearly dis¬ 
tinguishable from typical Philippine specimens ol 
C. pracccllens; first, the protoc'ouch is not “pracccUcns- 
like”; second, this form is generally broader and has a 
characteristic purplisli-lirovvn coloration. Furth(‘rmor(\ 
on the bodv wiioii, there are raised but not flattened 


spiral ridges that undulate, v\4th a wide space between 
ribbons with axial scales be^tween the spiral ridges. More 
consistently^ the sculpture on the spiral whorls has nar¬ 
row^, raised ridges, widely^ spaced from each other. This 
suite of charaeteristics consistently^ distinguishes this 
species from C. pracccllens of similar size (see Figure I) 
and from Conns nnniexcclsiis (see next species); Conns 
riz.ali is even more distinctive from C. andronenezi. 
There are a group of small Conns pracccllens that are 
most easily^ confused with Conns andrernenezi; these are 
discussed under Conns pracccllens below. 

Conns minicxccisns Olivera and Biggs, new species 
(Figure 2) 

This veiy distinctive species is characterized by its rela¬ 
tively^ narrow shell outline (D/L 0.42 vs. 0.47 for C. 
andronenezi), the multispiral protoconch of 2.5-3.0 
whorls, which is translucent and distinctly^ brownish or 
puiplish and contrasts in its color with the first 2.0-2.5 
teleoconch whorls that are ivoiy white. In most spec¬ 
imens, these white whorls are smooth or have, at most, 
nearly obsolete tubercles. This is followed by 6-10 spot¬ 
ted teleoconch whorls that are grooved and have strong 
axial structure so tliat the upper part of each spire 
whorl has a distinctly tiled appearance. The body whorl 
has shallow spiral ribbons with regular, brown spots 
that have a characteristic pattern described in the 
Appendix in detail. The colored, translucent pi'otoconch 
contrasting in color with the first two shiny-white 
teleoconch whorls, combined wdth the slender shape 
and the veiy fine spotted pattern are diagnostic of this 
distinctive species. There is considerable variation in 
how^ dark the spots are; a range of v ariations is shown in 
Figure 4. A full description of this new species was pro- 
\4ded in the previous section; detailed measurements 
of all the types are proMded in the appendix. Almost all 
specimens have been collected by small trawds in Aliguay 
from 60-130 m, but occasional specimens havn also 
been collected using gill nets off Balicasag Island. One 
specimen assigned to this species from southern Japan 
is included in the type series (Figure 4). Figure 2 
makes evident the generally^ finer pattern and narrower 
shell shape of Conns nnniexcehns compared to Conns 
andronenezi. In addition the spiral ribbons of the body 
whorl of Conns niinicxcclsns are smooth, but are dis¬ 
tinctly crenulated in Conns andronenezi. 


Overview AND Description of the 

"‘PlE\ECELLENS-lAKE FORMS” 

Conns pracccllens remains a confusing taxon, and the 
scheme proposcvl b(4oW' is not entirely^ satisfactoiy^; mul¬ 
tiple forms have been assigned to this species by various 
workers. Even after the two “nnnicxccisns-like forms” 
are separated as runv species, wiiat remains still com¬ 
prises a (‘onfusing set of specimens, most ol wiiich we 
are provisionally' retaining in C. pracccllens. We believe 
that d ie retention of diverse forms within C. pracccllens 
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Figure 4. An illustration oftlie “)ninicxcclsns-]\\<ie complex”. Shown are five specimens (left five) and c lose-nps of their respective 
protoconclis (right five). Left, top and bottom: Conus iJiiniexccbii.s (ParaUpes 2 and 18, respectively), middle: Conns cxcchiis\ and 
right top and bottom: Conns aciitangiilm. Measnrcnnents provided in Appendix 1. 


will prove to be only an interim solution, and new^ mor- 
phologieally similar species will be identified once a 
more extensive moleenlar and moiphologieal analysis 
has been carried out over a wider suite of specimens 
from a greater geographic* range. 

There is a wideW illustrated specimen designated as 
"‘a possible s\Tit)pe” of C())uis praeecUens from the Biitisli 
Museum. This is atvpical of specimens assigned tcj 
C. pracccllcns from the Philippines. This possilile syiit)pe 
from the China Sea is lighten' in color and liner in sculp¬ 
ture on tlie body whorl than either cjf tlie two major 
Philippine varieties that w^e include in C. pracccllcns. The 
first group, “the yVliguay form,” wiiieh is small and light 
colored, has been extensivniy collected botli b) the small 
dredge operations in Aligua\' Island, and is the form illus¬ 
trated in Figure 3. A second more variable group that we 
refer to as the “sowerbii forms,” inc lude larger specimens 
that vaiy considerably in shell pattern, shape, and size. 
These c omprise most specimens eolleeted by fish trawlers 
in the period from 1955-1965, particularly from Kvo local¬ 
ities, Tayabas Bay and Macpieda Bay. A third group is that 
referred to by previous authors as Conns snhacifiialis and 


is dcseribed above as Conns snbacqnalis. The three forms 
are showai in Fimire 5. 

Conns pracccllcns “Aliguay form” 

(Figure 3) 

The series of specimi‘ns that w^e assign to C. pracccllcns, 
“Aliguay form”, appears to be the closest to the t)pe in 
the BMNH in shell pattern; these have mostly bc^m 
collec ted in 30-80 fathoms off Aliguay Island, betwoen 
Mindanao and Bohol in the Philippines. The Philippine 
spec'imens are smaller than the BMNH “s)ait)pe” (aver¬ 
age size ~ 24mm); kew features that distinguish this lorm 
are a blunt, paueispiral protoc*onc‘h of hvo whorls, the 
rciativoly smaller size, and the c*hestnnt coloi' ol the 
s[)ots. Details of the* spire sculpture and body w horl tliat 
are also diagnostic are delineated below. 

The shells of this form (see Figure* 5) t)pieally have 
2.0-2.5 protoconeh whorls, the* first being cpiite spherical 
anel inllated, and the sece)ncl narreiwer and ineue elein- 
gate. The hist tw^ei teleoconeli wluirls are tvpiealD 
white and llattened c'eimpared tei the protoconch wlieirls, 
and tliey are kneibbed ein the periphen; while the twei 
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Figure 5. Pli) logenetic tree of some Conus species based on 12SrRNA sequences. Species shown in Figure 1 are indicated with 
arrows. Branches are lal)eled with Bayesian confidence values (posterior probabilities expressed as percentages). Tliese data clearly 
separate Conus acutmigulus and Conus pracccllens from the Conasprella species with 100% confidence and join them with C. stupa 
and C. niitrafus with 97% confidence. 


protoeoneh wTorls are smooth. There are S to 9 whorls 
spotted with a chestnut l)ro\vn eolor, with the first one or 
two spotted w hoii(s) also knol)l)ed. The early teleoeonch 
whorls are eliaraeteiized by a deep spiral groove on the 
upper seetion of the wiioii; tliese spiral groo\^es gradually 
inerease in number as the wiioiis get larger; these are 
narrow^ furrow^s that ean be bisected by axial sculpture that 
\'aiies considerably in strengtli; in speeimens wiiere the 
axial sculpture is strong, the area immediately adjacent to 
the suture looks as if it wx^re tiled, since the eombination of 
the spiral grooves and the axiid seulpture divide the area 
betw^een grocnes into sejuare sections. The broader paii of 
the spiral whorl is smooth to the peripheiy; the lower 
suture is below^ the sharply angled periphery^. 

Conus pmcecUcns “sowerbii forms” 

(Figure 3) 

There are forms in the C. pracecllois complex most com- 
moidy lound in collections; most specimens were eol- 
lect(‘d by trawkn's ai'onnd 1960 in great numlxas in the 
Marjueda and Carigara bays of Samar Island, and in 
Tavnbas Bay o( Southwestern Luzon, (rom jolo Island in 
the Snin Sea. The “sowxubii lor ms” are laru;er and more 

o 

dens(iy spotted than the specimens ol the “Aliguay form” 
descril)ed alxwe. There' is considerable variation in shell 
morphology: some specimens are skaider and narrow with 
fine sculpture; (rtliers appear t(^ be much broaek'r at the 
shcrnlders witli an overall coarsc'r sculpture. Ilovvwer, 
wlren prc'sc'ned, the* protoconc'hs ol all ol these hav^e 
the' typical highly inllatexl fiivst vvhe)rl, with only two. 


pearly white protoeoneh wiie)iis. A range of speeimens 
eolleeted from v arious Philippine k)ealities, all with typieal 
^‘pracccllrns-like* pre)toconehs that are well preserved ai^e 
showm in Figure 5 (the contrast betwwn these and the 
“Aliguay ferrni” is also iUiistrated in that figure). 

Given the elistinctiv'e (anel mutnallv' similar) 
protoeonehs of both the Aliguay anel the “sowerbii forms,” 
we have provisionally assigned these in C. pracccllens. 
Ilovvwer, further characterization of both the raehilar anel 
gut morphology, as w^ell as a molecular eharaeterization, 
may prov^e that these ar^e distinet from each other, anel that 
tlrere are aelditiemal separable species ernbeekled in the 
“sovv^erbii leirrns”, a possibility that clearly needs te) be 
frrrtlier evaluated. 

Conns pracccllens, other elistinetwe v arieties. 

A smaller form erf Conns pracccllens vvns recently col¬ 
lected by MNHN, off Aurora, Eastern Luzon, Philippines. 
These specimens were nertable because they were vx^ry^ 
similar ter Conus andrcmcnczi, but much smaller. They 
are easily separable fremi Conns andrcincnczi because 
they liave the tvpieal "pracccllciis-C^e^ protoeoneh. 
These look v^ery dilferent from the two Cojins pracccllens 
“forms” dt'seribed abewe, We note that in general. Conns 
andronciwzi is a larger species; howwer, there hav^e 
been juvenile Conus andrenumezi speeimens collected 
using hinuini-hnninn nets in the Carnotes Sea, along 
with specimens of the Conns pracccllens, “Aliguay Ibrm,” 
described alKwe. It seems likely that only juvenile spee¬ 
imens of Conus ajidronenezi are collected at this 
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locality beeaiise lumnn-IiDmin nets were used, and it pre- 
sninably takes longer than the three months Injinin-lmnii}} 
nets are laid out for Conus andrcnicnezi to reach full 
maturity. These small spcK'iniens of Conus auclmucuczi 
do have the eharacteristic pro toco nehs of that spe¬ 
cies, tliongh they are somewhat lighter in color than 
the Aligiiay series. In contrast, the variety^ of Co}ius 
pweceUois colleeted off Aurora (trawled at 83 m depth) 
have the /;rrtm7/c/rs'-type protoconcli. At the same site, 
the MNIIN expedition collected two dcnid, somewhat 
eroded speeimens, tliat were larger in size, in a trawl 
189-307 meters in dc'pth that are likely to b(‘ true Conns 
andrcnicnezi. 

In addition, a speeies was reeently desciihed as Conus 
bcahix, Poppe and Tiigaro, 2006. We have not had an 
opportunity' to examine* the Iloloty'[x* of this species; it 
may be that these represent a series of niiusnally pale spee¬ 
imens, possibly continuous with the Conus pracccllcns 
“yVliguay form”, deseribed above. If this were the ease, 
and further moleenlar evidence sliows that these are sep¬ 
arable from Conus pracccllcns, then these authors would 
have proxaded a potentially valid speeies name for Conns 
pracccllcns '‘Aliguay form.” 

Conns rizali Olivera and Biggs, new species 
(Figure 3) 

This distinctive species was previously recognized by 
Springsteen and Leohrera (1986) and by Lim and Wee 
(1992) as moq:)hologically separable from any of tlie 
other forms assigned to C. pracccllcns or C. acnfan^nlns. 
In their treatment of this eomphvx, Springsteen and 
Leohrera (1986) provided a figure of this form, to 
which the name Conns snhaccjnalis Sowerby III, 1870, 
was assigned, with the loeality' Piinta Engaho, Cebu, 
Philippines. This loeality suggests that the specimens 
they examined were collectc^d by gill nets in deep water. 
A similar specimen was illustrated by Rdckel et al. (plate 
54, figure 6) and labeled "Conns pracccllcns'^ from 
Davao, Philippines (likely collected bv tangle n(*ts off 
Baliit Island, Davao). In our description of Conns rizali 
(see above), tlie name we propose for this form, we 
discuss a number of distinguishing moiphological char- 
aeteristies. The name assigned by both Springsteen and 
Leohrera and Lim and Wee, Conns snhaccjnalis does 
not appear to refer to this form (Rdckel et al. reproduce* 
the original figure of Sowerby whicli refers to a smaller 
shell, broader in outline with seemingly more deeply 
colored spots than Conns rizali.) 

The slender, high-spired, and hiconieal shape of C. 
rizali is similar to the Japanese Conns grataca])ai, a poorly 
understood, rare, deep-water spec'ies. Several museum 
speeimens of C. gratacapai were examined, ineluding 
some Paratypt*s of the latter. Several striking morphologi- 
eal diherences indicate that the two forms arc* not conspe- 
eific. Most notably C. gratacajxii doc*s not have the sutural 
structure of C. rizali: there is a smooth transition l)etwc*en 
wliorls in the former, hut a periphereJ overhang between 
spire whorls in the latter. Another obvious difference 
are the liglit brown spots of C. rizali, winch are absent in 


C. gratacapai Pilsbiy, 1994. The spire sculpture of the two 
forms dilfers significantly as well. 

Other "niinicxcclsns-like" forms: Conns cxccisns and 
C. actangnins. 

The presence of a translue(*nt multispiral brownish 
or pniplish protoeonch, followed by sc*veral ivoiy wliitc* 
teleconch whorls is a striking moiphological feature ol 
Conns niincxccisns. In this respcx‘t, two well-known spe*- 
cic*s are "niinicxcclsns-like": C. cxccisns and C. aenfan- 
gulns. Both have the same characteristic translucc*nt 
protoconch and ivoiy wliitc* early teleconch whoils (sc*c* 
Figure 6). All of thc'se forms have tlie body whorl cov¬ 
ered by spiral ribbons. Tin* major differc*nce is in the 
highly nodulose whorls of C. aentangnins, vc*rsns the 
smoother whorl ofC. niincxccisns. Conns cxccisns issonic*- 
what intermediate in this rc*speet. Tliere are also the strik¬ 
ing and obxious differences in size*, C. cxccisns being by 
far the largest. Although the shells are different in pattern 
and size at maturity'in these* tliree species (Figure 4), note 
the similar purphsli brown transhieent protoconehs, 
lollowed by the* ivoiy wliite early telc*()Conch whorls before* 
the re*gular shell pattern is initiate*d. Typical Conns 
aenfangnins (Figure 4, top right) and tlie “el(‘ep-wate*r 
form” (Figure 4, bottom right) are botli distinctly more 
nodulose while* there is a striking similarity be*tween 
Conns cxccisns and Conns niinicxcclsns in their proto- 
conchs and early tele*oe-onch whorls. 

Conns cxccisns Sowerbv III, 1908 
(Figure 4) 

Tliis is one of tlie largest species in the group (to ove*r 
100 mm). The protoconch consists of about 3.25 whorls, 
with a maximum elianie‘ter of about 1 mm. The protoconedi 
whorls are graxish, and early teleoconcli xx hoiis are briglit 
xvhite tliat then begin to have broxx'ii radial blotches of 
X aiying size in the later xx'hoiis. Early te*leoconch xvhorls 
have one deep spiral groove, inereasing to up to 4 spiral 
groox es in the later xvliorls, Although body whorl can be 
almost smootli, some specimens liax e x arialily spaced, axi¬ 
ally striate spiral groups separated by grannlose* rilibons. 
Most spe*cimens in the Philippines are from Balut Island, 
Davao, collected by gill nets at depths of approximate*!)’ 
100-150 fathoms. Although C. cxccisns is strildngly elilfer- 
ent in size, the body xxiiorl sculpture, the protoconch and 
early tele*e)coneh xxdioiis shoxv such strong similaritie*s to C. 
niinicxcclsns that a close genertie rf*latie)nship be*twe*en the 
hx'o spe*C‘ies see*ms highly likely. 

Conns aenfangnins Lamarck, 1810 
(Figure 4, 6) 

Among Philippine specimens, th(*re* appear to be two 
xarieties of Conns acniangidus, tlie “typical form” 
(Figure* 4, top roxx', right), xx'hich conforms tei tlie neeitype 
elesignated by Kohn (Kohn, 1981) anel a x ariety' that xx e* 
xx'ill re(e*r to as the “eleep-vx^ater feirin” (Figure 4, be)ttom 
loxx; right). This is a xx'ell-kneixxn speedes, anel the only 
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Figure 6. Distinctive forms proposed to belong to the Titniconits clade. Top row (showing the shell and, in the inset abox e it, a 
elose-np of the corresponding protoconch), from left to right: Conus cxcelsus\ ininicxcelstts (Holot)pe); acutangiilus, "typical form”; 
acutangiiliis, "dcepwvater fr)rm”; andrenicnczi (Holotvpe); praccellcns, “sow^erbii form”; rizali (Holot)pe); pmcccllcns, "Alignay 
form”, Low^er row', from left to right: Conus stupa; stupclhi; nutratus; cijlindracctis. The protoconch of Conus stupa is not shown; it 
is extremely eroded in the hgnrt^d specimen. Measurements provided in Appendix 1. 


issue is whether tlie two distiiiet forms deserihed helow 
are eonspecilic or not 

“Typical form” ((Uxscription after Rdekel et ah, 1995): 
This is a small to niedimn sized shell; the lan^al shell is 
multispiral with 3 to 4 whorls. The teleoconch wdtorls are 
strongly tuherciilate for at least the first eight post-niielear 
whorls, a distinctive cliaracteristic. The body whorl lias 
strong spiral ribbons or ribs that are separated by grooves 
witli strong axial tlireads. The sh(41 is largely brown, 
except for small, scattered white hlotclies at the shoulder 
and center. Th(‘ aperture is wliitcx This Idrm is collected in 
relatively shallow water, typically between 3-20 m. Div ers 
in Batangas Bay, Luzon, eollected most Pliilippine spc'e- 
iinens; more recently divans in Nuenuean, Bohol, have 
eollected the typical (orin. Fully mature speeimens are 
2.5-38 mm in hnigth, D/I. ^ 0.50-0.53. Typical hilly 
mature non-Philippine speeimens are also illustrated by 
Bockel et al. 1995 (plate 54, figs. 19 and 21). 

“Dec'p-vvait(*r lorms:” The dec‘p-\\ait(n‘ \’arieti(\s typi¬ 
cally occur bc^twa^tni 30 to 150 meters, and are collected 
eitlnn- by dredging or gill nets. These lorms do not have 
the brow n to dark brown color ol the typical vairiety', hut 


are inostD w bite with sparse light orange-browni or gray- 
ish flecks. Generally smaller than the typieal form, most 
specimens are 16-22 mm in length. This form has been 
eollectcxl in Aliguay and Pamilaean Islands. A compari¬ 
son of availalile deeper-water speeimens assigned to 
C. acutanguliis rev^eals eonsiderahle variation that needs 
to l)c^ more earefully investigated and definc'd. These 
forms clearly occur outside the Philippines; Rdekel 
et al., illustrate a speeimen from the Solomon Islands 
(plate .54, fig. 17). 

Molecular Phylogeny: Relationship of Conus 

PKXECELLENS TO OtIIER IIiGII-SPIRED CoNUS SpECIES 

Most of tlu^ forms investigated in this artieh^ were 
collc‘Ct(‘(l in the Central Philippines, primarily hy^ gill 
nets or trawlers oflshore. A number of smaller Conus 
species of similar shape, ineluding sev eral div erse' forms 
assigned to Coims praccellcns, are collectc'd in tins vwty 
(Figure' 1). As described abov e, in inexst taxe)noniie work. 
Conns pracrcllois is eltlier explicitly disc'usse'el or implic¬ 
itly^ gre)upeel with similarly shaped, high-spireel, small. 
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deep-vvat('r Conns species even wluai authors do not 
endorse a speeiiie plplogenetie scluaiie (lor example see 
Robin, 2008; Roekel et ah, 1995; Walls, 1979). 

Table i snminarizes previously proposed taxonomy 
based on shell moipholog); wliieli can be assessed using 
moleenlar data. I"or compaiison, a phylogenetie tree 
based on 12S mitocdiondrial DNA inclndes C.onns praccc- 
liens and C. acntangulns, along other vermivorous, molhi- 
scivoroiis, and piscivorous Conns species (see Figure 5). 

This molecular phylogeny assigns C. j)raecellens and 
C. aeniangnhis to the same ciadc. The snip rising, yet 
elear-cnt, result is that most other species proposed to 
be inelnded in Connsprclla with C. praecellens by previ¬ 
ous workers based on shell morpholog)^ actnally cluster 
in a branch extremely divergent from most Conus. The 
t)pe species of Cojiasprclhi, C. pagodns, is on this veiy 
distant branch, vvliich we refer to as the 'XJonasprella 
clade”. Additional moleenlar data support these findings 
(Bandyopadhyay et ah, 2008). Tliese data, discussed 
below' suggest that the degree of tlivcagence makes it 
untenable to kec^p these species (C. pagodns\ etc.) within 
the same genus as other Conns species. 

Definition of a Clade Based on Moiphologieal and 
Moleenlar Data: The combination of the moqdiological 
analysis of the various species and distinctiv'e forms abov e 
combined with the' available molecular data (Figure 5) 
provides a framew'ork for defining the group of Conns 
spp. most related to C. praecellens and C. aeniangnhis. 
As discussed abovey some of the superficially similar high 
spired Conns species are not at all closely related based on 
the molecular data. In the Philippines, there are tc'ii spe^- 
cies and 12 distinctive forms w hich w'e assign to this group 
that w'e designate the Tnrrieonns clade {Conns exeelsns = 
Conns nakaijasnL type species). A comprehcaisive taxo¬ 
nomic revision of the genus Conns is cm rently being 
earned out by A. Kohu; we suggest tliat Tunieonns is a 
distinct braiicR within the major group of species that 
together, comprise the genus Conns. 

The moleenlar vv'ork dcTinitively excludes a number of 
Conns spp. from Tunieonns-, clearly, spea'ies sncli as 
Conns pagodns. Conns nieniiae. Conns nereis, and other 
deep-w'ater species with high s]:>ires such as Conns 
boholensis (Petnch, 1979), Conns engranunatns (Baitsc'h 
and Rheder, 1943), as w^ell as non-Philippine species such 
as Conns jaspidens (Gmelin, 1791) and Conns arenafns, 
though moiphologically similar to C. praecellens, do not 
belong in the Tnrrieonns clade. The 10 species and 12 
distinctiv'e forms tliat comprise the Tunieonns clade in 
the PhilippiiK's are shovvm in Figure 6, and smnniaiT/ed 
in Table 2; as outlined in the table, these fall into four 
groups that will be discussed in turn. 

The first group is the exeelsns/aentangiilns group 
(Group 1), with four species and fiv'e distinctive forms. 
Tins group includes the typ(‘ of Tnrrieonns, Conns 
exeelsns. Tlie second is the praecellens group with two 
species and three distinctiv'e forms. The tliird is the 
niiiratns group of at least two species and fourth, the 
sin pa group. 


Table 2. Moiphologic'ally di.stiiictive “forms” in [\w Tnnico- 
niis c*lade {Conns exeelsns, t)pe species). 


Cu'oiip 

I 

Conns exeelsns 



C. niiniexeelsns 




C. andrenienezi 




C. aeiitangiihis 

“tvpical form*” 



C. acuiangnlns 

“d(*ep vv'ater lV)rm” 

Group 

11 

C. praeeellens “ 

sowed)ii forms”* 



C. praeeellens “ 

Alignav form” 



('. rizali 


Cu'oiip 

III 

C. mil rains'^ 



C. cijlindraeens 


(U'Ollp 

IV 

C. si a pa 




C. sinpella * 



Peptide toxins belonging to the O-siipcalaniily have been 
determined for these “forms.” 


The first group of spix'ies, the exeelsns/aentangnlns 
group, is cliaracterizcHl by a gtaierally eonic'al ]:)rot(>conch, 
without the spherical, inflatc^d first protoconch w horl. The 
protoconch is translucent, brownisli puiplish or light yel¬ 
lowish in color; and follovv'(‘d by tw'o or more, much wliiter, 
tdeocouch wliorls. The four species in this group are 
Conns exeelsns. Conns ntiniexeelsns. Conns andreniniezi, 
and the tw'o forms of Ce////.s‘ aenfangnins desciibc^d above. 

In the second group, ihe praecellens group (Group II), 
the characteristic featun^ is a white protoconcli of two 
whorls, with thc^ first protoconeh wdioii being inflated 
and spherical (i.e., “p/T/ccc/Zc/rs-like”). Tlie characteristic 
sliape of this protoc'oncR is diagnostic of tins group (as 
show'll in Figure 6); there' may he more spc'clc's than are 
recognized here, since this is a rather varialile assem¬ 
blage of forms as is discussed aliove. C. praecellens and 
C. rizali are the two species in this group, with at least 
tvv'O distinetivo forms assigned to C. praecellens. 

The third group in Tnrrieonns, based on mokoiilar data 
and expanded using morpliological similarities, is the 
Conns niiiratns group (Ciroup HI). These .species liave 
much more elongated body vv'horls than are found in the 
tw'o groups abov'e. They seem to share tlu' cliaracleristic 
w'hite early teleoconch whorls before the mature colora¬ 
tion is expressed with the first group. On morphological 
grounds alone, we assign tw'o species to this group: Conns 
niiiratns and Conns eijlindraecns (Brodeilp and Sow^erby, 
1830). The molecular evidence in this paper is only pro¬ 
vided for Conns niiirains; liow^c'V'er, corroborative' molecu¬ 
lar evidence for Conns ei/lindraeens has been obtained by 
others (G. Meyers, personal communication). 

The fourth group in tlie Tnrrieonns cladc' is a siibge- 
niis {Knrodaeonns) (Group H") recognized as distinctiv'e 
by some w'orkers; the molecular evidence suggests these 
spc'cies should be incliidc'd in Tnrrieonns. Tlu'ie' are tw'o 
species in this group. Conns siiipa and Conns sinpella-, it 
is the opinion of several w'orkers on Conns that tliese 
may not be separalik' spc'cic's, since tiny alw'ays appear 
to oeeur together. This suggestion needs to be further 
evaluated. Tlu'se forms differ from Groujis I and 11 bv' 
the smooth body w horl, w hile the speeies in these groups 
liave the spiral ribbons or ribs. 
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The overall hypothesis, based on tlie combined molec¬ 
ular and moiphological data, is presented in Tabic 2. We 
used this working hy pothesis as a guide to analyze toxins 
in the putathe species of die Tuniconiis clade, from 
w'hich DNA samples were a\ ailalile (marked by asterisks 
in Table 2). 

Using Toxinological Markers to Evaluate the 
Turricotuis Clade: The hypothesis presented in Table 2 
was experimentally tested using a toxinological analysis. 
Since cone snails are venomous animals, they use toxins 
in their y enoin to capture prey, defend against predators 
and for competitive interactions. Since each species pre- 
siimalily has a different spectrum of prey, predators and 
competitors, the genes encoding venom components are 
“exogenes,” which diverge veiy rapidly as new species 
evolve. The peptide toxins that are present in Co}nis 
venoms arc encoded by only a few gene superfamilies; 
these are predicted to undergo accelerated evolution. 

Coiui.s peptide genes are examples of exogenes 
(Olivera, 2()()6); their gene products act exogenously, 
targeting other animals (instead of acting endogenously 
yyithin the cone snail itself). A considerable amount of 
prior work has demonstrated that each Conns species 
has its oyym distinct complement of venom peptides, with 
the same peptides not found in venoms of even closely 
related species. What w^ould l)e predicted yvhen a group 
of closely related species is analyzed is that the gene 
products encoded by a particailar conopeptide superfam¬ 
ily will be highly related to eacli other, but not identical 
in sequence. This toxinological prediction w^as used to 
test if the species proposed to be in the Turnconus clade 
do indeed have closely related (but not identical) toxins, 
as would be expected for exogene products. 

All species for which DNA was available were ana¬ 
lyzed; since no complementaiy DNA (cDNA) samples 
were available, the analysis had to be carried out on 
genomic DNA. The gene superfamily used for the anal¬ 
ysis w^as the O-superfamily; it is possible to determine 
the se(juence of the mature toxins because there is a 
consened intronic sequence that borders the mature 
toxin regioii (see Materials and Methods) thus, PCR 
primers can be used to determine peptide toxin se- 
(piences from each spt^cies. The O-siiperfamily has 
(liverged into two branches (Olivera et ah, 1999; Terlan 
and Olivera, 2004) one hydrophilic, which includes the 
CO- and K-conotoxins from lish hunting cone snail venoms 
(the “o)-branch”) and thv second highly hydrophobic; 
in fish huntino; cone snails this inc-ludes the 6 and 
pO-conotoxins (the “6-branch”). PCR primers used to 
amplilv genes in each Invmch are different and therefore 
toxin scMpiences can be s(‘parately ol)tainc‘d. This analysis 
was carried out and tlu' rcxsults are showm in Figure 7. 

It is c-lc^ar from the figure that representatixes of all 
four spc'cies groups, separatcnl using our aforenumtioned 
morphologicaPmolecular phylogenc'tic analyses, )aclded 
homologous 0-snp(n*family peptide se(piences that fall 
into both the (O- and tlu' 6-hraneh("S; all of which shan* a 
high degr(‘(' orseqnenc(‘ identity Moreover, as prc'dicttnl 


Homologous Peptide Toxins from the O-superfamily 

CO - screen 

C. acutangulus At6.1 

CGGRJ^PCRQYIQCC SHSCNTFLG TCy* 

C. praecellens Pr6.1 
CG SPR^^CRQ Y LQCC SRHC NKFLGMCV * 

C. mitratus Mp6.1 

CG^Q^CRQYSQCCS^N^ 

C. stupa Sa6.1 

CG PPRARCRQY LQCC SRRCIKFLNMCM* 

5 - screen 

C. acutangulus At6.7 

declaJsefcgflkigppccsgyclfvcl* 

C. mitratus Mp6.7 

EC ROTGATCGILKPGAKCC DGWCFFVCIG* 

C. pxaec&llens Ps6.7 

RDDDCVAGGQGCGFPKIGGPCCSGWCFF^^ 

C. stupa Sa6.7 

EC FPKDT FCGF PS SGAPCC SGWC FWCA * 

Figure 7. Toxinological analysis. Predicted mature toxin 
secpiences from hvo distinct branches of the O-siiperfamily 
of conopeptides for four members of Tiiniconus: Conus 
acutangulus. Conus mitratus. Conus praecellens, and Conus 
stupa. An independent comparison of the toxin sequences from 
the two branches, the hydrophilic 03 and the Iiydrophobic 5, 
each demonstrate the close relationship between the different 
species of the Turnconus clade analyzed. 

by the exogenomic h)q)othesis (Olivera, 2006), tliese 
peptide sequences have diverged from each other. 
Therefore, the postulated accelerated evolution of these 
exogenes, w hieh, in turn, is an indieator of species diver¬ 
gence, is indeed obsen ed. 


DISCUSSION 

This study has used tliree t)qDes of data: comparative 
moiq:>holog)^, molecular phylogeny based on standard 
gene markers, and toxinological markers (i.e., peptide 
toxin sequences). This three-pronged effort w^as aimed 
at branch definition leading to a specific phylogenetic 
hypothesis. As is typical, none of the individual data sets 
w^ere as eomprelK nsivx' or complete as might be desired; 
nev^ertheless, the combination made the phylogenetie 
framew^ork proposed a compelling one. 

Morphological Evidence: Importance of the 
Frotoconch/Early Teleoconch. Springsteen and 
Leobrera (1986), separated two forms in the C. pro- 
eccllcns complex from the Philippines, the commonly 
trawled form (designated Coiius soiverlni), and a sec¬ 
ond, much more slender form, with liglitcr yellowish 
brown spots, assigned to Coitus siibaeciualis {op. cit, 
pi. 71, figs. 1, 2). This treatment was subsequently 
adopted by Lim and Wee (1992). 11ms, wiiile Walls 
(1979) and Rockel et ah, only recognized C. praecellens 
and C. aentangnlus, these wT)rkcrs recognized three 
distinctive forms from the Philippines/Sontheast Asia 
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("C. soiverbir (= C. praceelleus), "C.siibacijiialis" and 
C. aeidangiihis). 

One reason why the definition of forms lias been elial- 
lenging is because most available specimens did not have 
good protoeoneh (or early teleoeoneh) whorl preseiwa- 
tion. Philippine specimens in this group from many local¬ 
ities have a dark periostraeum layer covering tlie spire of 
the sliell, wliieh is routinely removed by commercial shell 
dealers using acid, a treatment that destroys key features 
critical for morphological differentiation. In tlic analysis 
below, we used these “coinproinised” specimens in our 
moiphometric analyses but focused primarily on tlie few 
specimens with w^ell-preseiwed protoconcli and early 
teleoeoneh whorls for discriminating between forms. 
Once consistent differences in protoconcli and early 
teleoeoneh moiphologies w^ere establislied, additional 
morphological cliaracters w^erc used to help separate dis- 
tinctiv^e forms. This general approach w^as usc‘d for the 
morphological definition of forms described abo\ c‘. 

The basic approach is illustrated in Figure 8, winch 
show two forms collected off Aliguay Island; these 
ha\e proven to be paiUcularly illuminating. Botli would 
have been assigned by Rockel ct al. (1995) to Contis 
praeeellens. In Figure 8, the specimen on the right is a 
specimen of wliat wo refer to as the “Aliguay form” of 
C. pracecUcus; the other specimen (on the left) is Conus 
uiiuiexcelsus new species. Tlie top section of Figure 8 
shows the shells of the two specimens of approximately 
same size. Although their shell patterns differ, the consid¬ 
erable variation obseiwed in this complex led to a rather 
confused situation in the past. The major moiphological 
obseiwation that changed this situation is ilhistrat(xl in the 
lowor section of Figure 8, w hich show^s a magnified view 
of tlie wxdl-preseiwed protoconcli and early teleoeoneh 
whorls of the two specimens; w^e believe that the differ¬ 
ences depicted are sufficiently diagnostic to dclinitivxly 
assign the specimens illustrated into two distinct groups 
(i.e.. Conus praeeellens and Conus niiniexeelsus). The 
nniltispiral hrowaiish protoconcli of C. niiniexeelsus con¬ 
trasts with the protoconcli of the specimen assigned to 
C. praeeellens; the early teleoeoneh whorls are also dis¬ 
tinctively different. Using these as the major criteria for 
separating forms makes it simpler to identify other shell 
morphological characteristics that consistently differ, even 
though each individual character might have a consider¬ 
able range of variation. This approacli has provided a 
much more consistent suite of characters to allow a defi¬ 
nition of different inoiphospixles. 

Using these criteria, the Philippine forms previously 
assigned to C. praeeellens fall into two separable groups: 
a group that has a characteristic protoconcli of 2.0-2.5 
whorls, with a rounded and soniewliat inflated first 
wliorl; the protoconchs of these forms are pcarly-wliite; 
we have referred to these as the '‘praeeelleusAike forms.” 
The specimens that do not have this veiy characteristic 
t}pe of protoconcli, herein collectivxly referred to as the 
^‘niiniexeelsus-\ikc forms”, have the first protoconcli 
wliorl not rounded, nor inflated. Tlie entire protoconcli 
of the latter generally has a more triangular (conical) 



Figure 8. Comparison of two iiioqihospecies collected in 
Aliguay Island. Philippines, The specimen at the left is Conus 
niiniexeelsus (lloloUpe), and on tlie right is Conus praeeellens, 
“Aligiuw' form”. Top: The wliole slull. Bottom: Close-np of the 
protoconcli and first few' teleoeoneh w horls. 

outline wlieii compared to tlie “/nY/m7/c//.s-like forms;” 
these protoconchs are t) picxilly translucent-lirown, trans- 
liicent-yellowlsh or off-wliite. Although this color can be 
subtle, the contrast to tlie pure-wliitc early teleoeoneh 
whorls is usually diagnostic. 

THE MOLECULAR EVIDENCE 

A major conclusion from tlie molecular analysis is that 
C. praeeellens and C. aeiitangulus do not belong in the 
Conasprella clade. Instead, they form a distinct branch 
among the major group of species in Conus. Another 
unexpected result from the molecular phylogenetic anal¬ 
ysis is the other species. Conus stupa and Conus 
niiiratus, branch within the same' wxll-supportcd clade 
as C aeutangulus and C praeeellens. In particular. 
Conus niifrafus has strikingly different shell moqiholog)' 
from C. praeeellens and C. arufangulns. In all previous 
taxonomic wxirk. Conus niitrafiis and Conus stupa have 
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hc'en assigned to different snhgenera from Conns 
praeccJlcns and Conus acutangnhis. 

TifE Contribution of Toxinological Markers. Onr 
starting point for defining the elade of eone snails that 
ineludes Conus praeceUens were the prertons proposals 
in the literature for siibgenera (or genera, when Conns 
was split into multiple genera) that included Conns 
pracceihuis. In most proposals, Conns praeceUens was, in 
effect, proposed to he related to otlier high-spired, deep¬ 
water species such as Conus pagoclus. Conus mcmiac, 
and Conus arcuatus, which are usually assigned to 
ConaspreUa. In some of the prior h^potlieses, this 
group of speeies was split in two; e.g., ConaspreUa and 
Kennasprella (da Motta, 1991), or ConaspreUa and 
Endc}nnoconus (Okutani, 2()0()). Although these various 
proposals differ in detail, they all group C. paraeceUens 
and C. acntangulns with speeies sueh C. pagodns, 
C. rneniiac and C. arcuatns. How^ever, both the molecular 
phylogenetic results using standard moleeular markers 
and the exogenomic data using toxinologieal markers are 
inconsistent with all of these hy[)otlieses; only Conns 
praeceUens and Conns aentajignlns appear to be elosely 
related to each other by the latter two ciiteiia. All of the 
odier species pre\iously grouped with Conns praeceUens 
in prior phylogenetie proposals based on shell moqiholog)^ 
are now^ assigned to a distant and different branch of 
cone snails from Conns praecellens/Conns acutangnhis 
(see phylogenetie tree in Figure 2). 

Instead, the combined data led to a new^ and strikingly 
different phylogenetic framew^ork for the Conns species 
eomprising the branch that includes Conns praeceUens; 
tin’s proposal is summarized in Figure 7 and Table 2. An 
entirely unexpected set of species appears to be more 
elosely related to Conns praeceUens (in Groups 3 and 4 
in Table 2). These Conns speeies (C. stnpa, C. stupella, 
C. mitratns, and C. cijJindraceus) were never previ¬ 
ously proposed to be in the same clade/subgeniis as 
C. praeceUens and C. acnfangnlus. 

The use of to.xinological markers has buttressed the 
molecular phylogenetic analysis. The presence of highly 
similar peptide toxins that belong to the O-superfamily 
of conopeptides indicates that the various groups that 
branch togetlier with Conns praeceUens arc‘ indeed 
related, using an independent toxinological data set. 

11 IE TURlilCONUS GLADE: OVERVIEW 

A more comprehenswe moqihological analysis iweals 
that vTirious distinctive" forms previously assigned to 
Conns praeceUens are likely not conspceific; three new 
species were" described and additional distinct forms 
d(iin(‘d. Thus, Conns praeirllens and the newiy described 
species. Conus miiiiexcelsns. Conns rizali, and Conns 
andrenienezi are now propos("d to be species in tlie same 
elade. 

Finally, the morphological analysis Ibciiscel on the 
importance ol protoconch/eaiiy t(ic"oconcli vviioii mor¬ 
phology. These morphological characters strongly suggest 


that Group I in Table 2 should include Conus exccisus 
giv^en its strikingly similar protoconcli/eaiiy teleoconeh 
moq')hology to C. acntangulns and C. niinicxcelsiis. 
Glearly, there is a chfference in size: Conus cxcclsns is 
much larger at maturity. We vv^ould predict that the 
molecular phylogeny and toxinology of C. excelsns wall 
iweal a particularly close affinity to Conus miniexcelsns 
(vvTich is, in part, the basis for the proposed name of the 
latter). Unfortunately, Conns excelsns is rare and w^e 
have been unable to obtain a live specimen to date, 
Howev^er, we propose to cadi the entire group the 
Tuniconns elade, with C. excelsns as the type species. 
In terms of speeies diversity, it would appear that 
Groups 1 and 2 in Table 2 are the dominant species 
groups of this elade — except for the differences in 
protoeonch moq:)holog)^ detailed abov^e, they are all 
high-spired speeies with the body wdioiis characterized 
by spiral ribs or ribbons. Conns excelsns is the t)pe 
species of the subgenus Tnniconus. 

All three types of data used for this inv^estigation need 
to be expanded. A more extensive molecular phylogeny 
needs to be carried out on all of the forms indicated in 
Table 2, including, in particular, the designated “distinc- 
tiv^e forms” so that an evaluation of wdiether these are 
separable speeies can be carried out. The new species 
vv^e luwe proposed need to be rigorously evTiluated both 
by the standard moleeular markers as well as by their 
toxin genes. More refined molecular phylogeny should 
also allow a better resolution of how the vTirious forms 
in the proposed Tuniconns elade are related to each 
other and to other speeies of Conus. In addition, the 
exogenomic analysis, while in agreement with the molec¬ 
ular phylogeny, also needs to be extended to all of the 
species in the Tuniconns elade, as vv^ell as to other gene 
siipcrfamilies expressed in v^enom ducts (in addition to 
the 0-gene superfamily that was showm in Figure S). The 
determination of venom peptide sequences by this t)qie 
of analysis is, in itself, of considerable intrinsic value, 
since it would allow the predicted gene products from 
each species to be chemically synthesized and directly 
tested for functional activity. Finally, the moq3hological 
analyses to date are based only on shell moq^liology. 
Glearly, other moq^hologieal features, particularly tlie 
internal anatomy, need to be evaluated; these will sen^ 
as an independent test of the pliylogenetie hypothesis 
presented. Potentially, mutually shared and distinctwe 
morphological features of species in this elade of Conns 
may be discov erc^d. 

The interaction betwT^cn the three prongs that are the 
basis of tlie approach used in this maniiseript has a 
potential synerg)^ that goes beyond chide definition. The 
morphological analysis of distinctive^ forms within the 
Conus praeceUens complex identifies candidates that 
may or may not be different speeies, separable from the 
ones already recognized. Using standard molecular phy¬ 
logeny wall help to define this; hovvewer, using exogene 
analysis should be ev^en more definitwe: if these w^ere 
indeed separable species, then none of tlie toxin gene 
products should exactly (werlap in dieir seejuence. 
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because of the hypermutation in exogenes that accom¬ 
panies speeiation events. 

If a distinctive form was truly a separable species, 
different toxin sequences would be predicted — il it 
were merely a variant of the same species, then identity 
in most venom peptide sequences should he found 
(except for allelic differences). In some of the well- 
known species (e.g., Conns textile, Linnaeus, 1758, and 
Conns striatns Linnaeus, 1758) that are distributed all 
over the Indo-Pacific, it has been shown that major 
venom peptides have the same secpience, even from 
variants whose shells may be distinguishable from each 
other because of tl le long period it may have taken for a 
species to spread across the entire Indo-Pacific, from the 
Bed Sea to Hawaii. 

The inclusion of exogenes in the investigation of bio¬ 
diversity has a significance that goes beyond differentiat¬ 
ing between moiphologically closely related species. 
The divergence of exogenes from one species to the next 
is indicative of different biolog)^ shaped by different 
selection pressures. This is essentially a molecular read¬ 
out of the deeper biologicaPhistoricaPecological differ¬ 
ences between species that might look morphologically 
similar. Thus, the characterization of toxin genes in the 
case of Conns not only senses as a tool for branch defini¬ 
tion, but is a potentially important cntiy point toward a 
more profound understanding of the biological differ¬ 
ences between species, a molecular readout that could 
provide insights into the complex changes that accom¬ 
pany the speeiation events that give rise to a biodiverse 
lineage of animals such as the cone snails. 
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APPENDIX 



Baldomero M. Olivera 

and Jason S. Biggs 


Conns andrenicnczi, siinimaiy ol type speeimeiis 

(Figures of types 

are eross-referenced) 



Length 

Widtli 

Loeiilit)- (PI) 

Depositoiy (Cat#) 

Holohpe (Figs 1, 2, 0) 

36.7 

16.9 

Aligiiay 

MSI 

Paratype 1 

52.9 

21.7 

Align ay 

* 

Paratxpe 2 

40.1 

29.1 

Aliguay 

* 

Paralype 3 

40.6 

20.1 

Aliguay 

* 

Paratxpe 4 

43.1 

22.0 

Aliguay/ 

* 

Parat)pe 5 

42.7 

20.4 

Aliguay 

MCZ 361611 

Parahpe 6 

26.8 

12.4 

Aliguay 

* 

Parahpe 7 (Fig 2) 

29.4 

14.0 

Balicasag Is. 

Lc-37964 

Paratype S 

44.0 

20.9 

(Philippines) 

* 

Parappe 9 

46.9 

20.9 

(Philippines) 

* 

Paratype 10 

28.7 

13.6 

(Philippines) 

* 

Paratype 11 (Fig 2) 

23.0 

10.7 

(Philippines) 

MSI 

Paratype 12 

29.6 

13.0 

(Philippines) 

FMHN 312461 

Paratype 13 

33.2 

15.4 

(Philippines) 

BMSM 3S672 

Parappe 14 

26.0 

12.6 

(Philippines) 

* 

Paratype 15 

43.3 

21.4 

(Philippines) 

* 

Paratype 16 

26.6 

13.1 

(Philippines) 

* 

Paratype 17 

31.5 

14.6 

(Philippines) 

* 

Paratype 18 

39.5 

18.5 

Aliguay 

* 

Paratype 19 

35.8 

17.1 

Aliguay 

ANSP 421619 

Parahpe 20 

27.7 

13.1 

Aliguay 

* 

Paratype 21 

30.5 

15.4 

Aliguay 

* 

Paratype 22 

29.2 

13.8 

Panglae) Is. 

MNUN 21131 

Paratype 23 

46.9 

21.8 

Olango Is. 

* 

Paratype 24 

37.4 

16.7 

Aliguay 

* 

Paratype 25 

36.4 

' 17.6 

Aliguay 

* 

Paratype 26 

34.6 

15.4 

Aliguay 

* 

Paratype 27 

44.6 

21.9 

Aliguay 

* 

Paratype 28 

48.7 

22.3 

Aliguay 

* 

Paratype 29 

38.6 

18.7 

Aliguay 


Paratype 30 

33.9 

15.3 

Aliguay 

* 

Parappe 31 

35.1 

15.4 

Aliguay 

* 

Paraty pe 32 

42.5 

20.1 

Aliguay 

* 

Paratype 33 

35.2 

17.0 

Aliguay 

* 

Paratype 34 

37.3 

17.6 

Aliguay 

* 

Paratype 35 

36.8 

17.7 

Aliguay 

* 

Paratype 36 

21.6 

9.3 

Caniotes Sea 

* 

Paratype 37 

23.8 

11.2 

Cainotes Sea 

* 

Conns niinicxcclsns, suniinaiy of type specimens 


Length 

Widtli 

Loeality^ (PI) 

Depositoiy (Cat#) 

Ilolotype (Figs 1, 2, 6, 8) 

22.0 

19.6 

Aliguay 

MSI 

Paratype 1 

27.7 

11.8 

Aliguay 

* 

Paratype 2 (Fig 2) 

27.3 

11.6 

Aliguay 

MSI 

Paratype 3 

29.0 

12.5 

Aliguay 

* 

Paratype 4 

27.4 

10.8 

Aliguay 

* 

Paratype* 5 

28.3 

11.4 

Aliguay 

* 

Paratype 6 

25.5 

10.5 

(Philippine*s) 

* 

Paratype* 7 

31.1 

11.6 

(Philippine*s) 

Le-37965 

Paratype* 8 

31.5 

13.1 

(Philippines) 

FMNH 312462 

Paratype* 9 

28.9 

12.3 

(Philippines) 

* 

Paratype 10 

35.1 

13.7 

(Philippines) 

* 

Paraty pe* 11 

27.6 

11.6 

(Philippines) 

MCZ 361609 

(Coiitinucel) 











J. S. Biggs et al, 2010 


Page 19 


APPENDIX 

(Continued.) 



Length 

Width 

Locality (ri) 

I3epositoiy (Cat#) 

Paratype 12 

28.3 

12.5 

(Philippines) 

ANSP 421620 

Paratype 13 

36.6 

15.0 

(Philippines) 

* 

Paratype 14 

35.8 

14.7 

Panglao Is. 

BMSM 38673 

Paratype 15 

35.5 

13.2 

(Philippines) 

* 

Paratype 16 

27.2 

11.5 

Aligiiay 

MNHN21132 

Paratype 17 

26.9 

11.5 

Aliguav 

* 

Paratype bS (Fig 2) 

18.5 

7.4 

Aliguay 

MSI 

Paratype 19 

25.5 

11.4 

Align ay 

* 

Pai'atype 20 

33.7 

13.5 

Aliguay 

* 

Paratyjpe 21 

32.5 

13.6 

Balicasag Is. 


ParaP^De 22 

15.8 

6.4 

Panglao Is. 

* 

Paratype 23 

33.3 

14.2 

Minabe, \Vaka)’ama, japan 

* 

Paratype 24 

28.8 

12.4 

Olango Is. 

* 


Conus rizali, suinniaiy of t)y)e specimens 



Length 

Width 

Locality (PI) 

Depositoiy (Cat#) 

Holotype (Figs 3, 6) 

26.6 

12.4 

Philippines 

MSI 

Paratype I 

36.3 

14.0 

Philippines 

* 

Paratyi^e 2 (Figs 1,3) 

26.1 

10.2 

Philippines 

MSI 

Paratype 3 

34.5 

13.9 

Philippines 

* 

Paratype 4 

38.2 

15.8 

Philippines 

ANSP 421621 

Paratyjie 5 

37.3 

14.8 

Philippines 

MCZ 361610 

Paratype 6 

39.0 

14.5 

Philippines 

MNHN 21133 

Paratyp(‘ 7 

37.8 

14.2 

Philippines 

* 

Paratype S 

35.9 

14.4 

Bah it Is. 

* 


Abbreviations: MSI, Marine Science Institute, University of the Philippines, Quezon City, Philippines, ANSP, Academy of Natural 
Sciences, Philadelphia, PA, USA; AINHN, Museum national d’llistoire naturelle, Paris, France; MCZ, Museum of Coniparath'e 
Zoolog)^ Harvard University, Cambridge, MA, USA; BMSM, The Bailey-Matthews Shell Museum, Sanibel FL, USA; FMIIN, Field 
Museum of Chicago, Chicago IL, USA; Lc, Zoological Museum of Moscow^ State University, Moscow, Russia; *, Tliese specimens will 
be deposited in public museums, but have not ) et been assigned. 











